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DEVICE AND METHOD FOR CONTROLLING
MACHINE TOOL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to control of a machine tool,
and more particularly to device and method for controlling a
feed control axis and a rotary control axis, both provided in a
machine tool in which the rotary control axis is fed along the
feed control axis.

2. Description of the Related Art

A machine tool provided with a feed control axis perform-
ing a linear or rotational feed motion and a rotary control axis
adapted to be fed along the feed control axis and performing
a rotary indexing motion has been known. The feed control
axis carries a structural member such as a linear slide or a
rotational slide, and the rotary control axis carries a structural
member such as a rotary indexing table or a turret tool rest.

In the above machine tool, the feed control axis and the
rotary control axis may exert a mechanical or dynamic effect
(i.e., an interference) resulted from their respective motions
on each other, which may affect the stability of position
control of each axis and thus may result in the deterioration of
the processing accuracy of a workpiece. Conventionally, in a
technical field other than a machine tool, several measures for
eliminating the interference between control axes structurally
correlated with each other have been proposed.

For example, Japanese Unexamined Patent Publication
(Kokai) No. 2000-243811 (JP-A-2000-243811) discloses a
stage device incorporated into an exposure apparatus, which
is configured to mechanically prevent vibration in an optical
system caused due to a reaction force exerted by a slideron a
stator, both provided in a linear motor for driving a stage. The
stage device includes a reaction device that generates, in the
stator, a force canceling the reaction force from the slider. The
reaction device controls a motion of the stator based on a
detection value of a position detector for detecting an actual
displacement of'the stator, so as to appropriately eliminate not
only the reaction force, but also other error factors and thus to
stably keep the stator located at a predetermined position.

Japanese Unexamined Patent Publication (Kokai) No.
63-314606 (JP-A-63-314606) discloses a controller provided
in an articulated robot, which can eliminate interference
between joints (i.e., control axes) by a feedback compensa-
tion. The controller calculates an interference torque value
generating in each control axis and estimates, by state obser-
vation means, nonlinear disturbance torque applied to each
control axis as a correction value, and thereby corrects a
torque command by using the interference torque value and
the correction value.

Japanese Unexamined Patent Publication (Kokai) No.
09-222910 (JP-A-09-222910) discloses a controller provided
in a multi-axis industrial robot in which each control axis is
equipped with a spring element such as a decelerator. The
controller estimates, by state observation means disposed in
each axis, a twist angle between an electric motor and a load,
calculates an interference force by using the estimated twist
angle, and corrects a torque command given to the electric
motor based on the interference force.

In the stage device disclosed in JP-A-2000 -243811, the
stator, that should naturally be immovably supported, is
intentionally mounted on a motion control axis (i.e., the reac-
tion device) for the purpose of canceling the reaction force
exerted by the slider on the stator in the linear motor. There-
fore, the relationship between a linear feed-control axis of the
slider and the motion control axis of the stator is somewhat
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different from the relationship between the feed control axis
and the rotary control axis in the above-described machine
tool to which the invention of the present application belongs.
Also, in the stage device, the position detector is used to
measure the actual displacement of the stator for the purpose
of eliminating various error factors in the motion control of
the stator. However, in the case where such a position detector
is installed in a machine tool, equipment costs of the machine
tool may increase, and since the machine tool is often placed
in poor environments, problems in ensuring installation space
or maintaining reliability of the position detector may arise.
Moreover, it is difficult to adapt a technique for correcting the
command value given to the stator, on the basis of the actual
value of the displacement of the stator, to a quick and accurate
positioning control for amovable section in a typical machine
tool.

Also, in the robot controllers disclosed in JP-A-63-314606
and JP-A-09-222910, data representing a state in which the
electric motor actually operates (i.c., a state quantity) are used
as several data required for calculating the interference force
or correcting the command value. Such a configuration may
be effective for controlling a robot, in which the moving speed
or positional accuracy of an arm is lower than that of the
movable section in the typical machine tools, but may also be
difficult to be adapted to the control of the machine tool
requiring the quick and accurate positioning.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a device
for controlling a feed control axis and a rotary control axis,
both provided in a machine tool in which the rotary control
axis is fed along the feed control axis, wherein it is possible to
quickly and appropriately eliminate interference between the
feed control axis and the rotary control axis so as to imple-
ment stable and accurate motion control of the control axes,
and thereby to improve a processing accuracy of a workpiece.

It is another object of the present invention to provide a
method for controlling a feed control axis and a rotary control
axis, both provided in a machine tool in which the rotary
control axis is fed along the feed control axis, wherein it is
possible to quickly and appropriately eliminate interference
between the feed control axis and the rotary control axis so as
to implement stable and accurate motion control of the con-
trol axes, and thereby to improve a processing accuracy of a
workpiece.

To accomplish the above object, the present invention pro-
vides a device for controlling a feed motion of a feed control
axis and a rotary motion of a rotary control axis, the feed
control axis and the rotary control axis being provided in a
machine tool so that the rotary control axis is fed along the
feed control axis, comprising an interference estimating sec-
tion estimating an interference generated between the feed
control axis and the rotary control axis, based on a position
command instructed to at least one of the feed control axis and
the rotary control axis and a position and mass information of
an eccentric load carried by the rotary control axis; and a
command correcting section correcting a current command
given to at least one of the feed control axis and the rotary
control axis, based on the interference estimated by the inter-
ference estimating section.

The interference estimating section may estimate the inter-
ference prior to, by one or more control periods, a period of a
motion control of at least one of the feed control axis and the
rotary control axis executed in accordance with the position
command; and the command correcting section may correct
the current command at the period of the motion control.
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The above controlling device may further comprise a con-
stant changing section changing a calculation constant used
by the interference estimating section to estimate the inter-
ference, in response to a change in the eccentric load.

The above controlling device may further comprise an
eccentricity information estimating section estimating the
position and mass information of the eccentric load, based on
an interference-basis current command instructed to either
one of the feed control axis or the rotary control axis in a state
where the interference estimating section does not estimate
the interference. In this arrangement, the interference esti-
mating section may estimate the interference by using the
position and mass information estimated by the eccentricity
information estimating section.

The present invention also provides a method for control-
ling a feed motion of a feed control axis and a rotary motion
of a rotary control axis, the feed control axis and the rotary
control axis being provided in a machine tool so that the
rotary control axis is fed along the feed control axis, compris-
ing estimating an interference generated between the feed
control axis and the rotary control axis, based on a position
command instructed to at least one of the feed control axis and
the rotary control axis and a position and mass information of
an eccentric load carried by the rotary control axis; and cor-
recting a current command given to at least one of the feed
control axis and the rotary control axis, based on the interfer-
ence thus estimated.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing description of preferred embodiments in connection
with the accompanying drawings, wherein:

FIG. 1 is a functional block diagram showing a basic con-
figuration of a controller according to the present invention;

FIG. 2 is a perspective view schematically showing an
example of a major part of a machine tool to which the
controller of FIG. 1 can be applied;

FIG. 3 is a perspective view schematically showing another
example of a major part of a machine tool to which the
controller of FIG. 1 can be applied;

FIG. 4 is a block diagram showing a control flow in the
controller of FIG. 1;

FIG. 5A is an illustration for explaining a procedure for
estimating an interference in relation to the machine tool of
FIG. 2, and typically shows a dynamic relationship between a
feed control axis and a rotary control axis;

FIG. 5B is an illustration for explaining the procedure for
estimating the interference in relation to the machine tool of
FIG. 2, and geometrically shows the dynamic relationship
between the feed control axis and the rotary control axis with
an eccentric load being considered as a material point;

FIG. 6A is an illustration for explaining a procedure for
estimating another interference in relation to the machine tool
of FIG. 2, and typically shows a dynamic relationship
between a feed control axis and a rotary control axis;

FIG. 6B is an illustration for explaining the procedure for
estimating the other interference in relation to the machine
tool of FIG. 2, and geometrically shows the dynamic relation-
ship between the feed control axis and the rotary control axis
with an eccentric load being considered as a material point;

FIG. 7 is an illustration for explaining a procedure for
estimating an interference in relation to the machine tool of
FIG. 3,
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FIG. 8 is an illustration for explaining a procedure for
estimating another interference in relation to the machine tool
of FIG. 3;

FIG. 9 is a functional block diagram showing a configura-
tion of a controller according to an embodiment of the present
invention; and

FIG. 10 is a functional block diagram showing a configu-
ration of a controller according to another embodiment of the
present invention.

DETAILED DESCRIPTION

The embodiments of the present invention are described
below, in detail, with reference to the accompanying draw-
ings. In the drawings, the same or similar components are
denoted by common reference numerals.

Referring to the drawings, FIG. 1 shows, by a functional
block diagram, a basic configuration of a controller (or a
control device) 10 of an electric motor, according to the
present invention. FIGS. 2 and 3 illustrate major parts of two
representative examples of machine tools 12 and 14, respec-
tively, to which the controller 10 can be applied. The machine
tool 12, 14 is provided with a feed control axis 161, 16R that
performs a linear or rotational feed motion, and a rotary
control axis 18 that is arranged on the feed control axis 161,
16R so as to be fed along the feed control axes 161, 16R and
to perform a rotary indexing motion. The controller 10 has a
configuration for controlling a feed motion of the feed control
axis 161, 16R and a rotary motion of the rotary control axis 18
in the machine tool 12, 14. The controller 10 may be func-
tionally incorporated into an existing control unit, such as a
numerical control (NC) unit, provided in the machine tool in
which an electric motor is used as a drive source for a movable
element.

As shown in FIG. 1, the controller 10 includes an interfer-
ence estimating section 22 that estimates an interference P
generated between the feed control axis 161, 16R and the
rotary control axis 18, based on a position command C1 that
is instructed to at least one of the feed control axis 16L, 16R
and the rotary control axis 18 (FIG. 2 or 3) and a position and
mass information D of an eccentric load 20 (FIG. 2 or 3)
carried by the rotary control axis 18; and a command correct-
ing section 24 that corrects a current command C2 that is
given to at least one of the feed control axis 161, 16R and the
rotary control axis 18, based on the interference P estimated
by the interference estimating section 22. In the present appli-
cation, the term “interference” means a dynamic eftect that is
mutually exerted between the feed control axis 161, 16R and
the rotary control axis 18 and resulted from their respective
motions, and that includes both an interference thrust F acting
in a linear direction and an interference torque T acting in a
rotational direction, as described below.

The machine tool 12 illustrated in FIG. 2 includes, as a
table mechanism on which a workpiece (not shown) is
mounted, a stationary base 26, a linear slide 28 that is linearly
movably placed on the stationary base 26, and a rotary index-
ing table 30 that is rotatably disposed on the linear slide 28.
The linear slide 28 moves in a reciprocative manner on the
stationary base 26 in a direction shown by an arrow Al, in
accordance with the linear feed motion of the linear-feed
control axis 16L that is provided with a linear electric motor
(not shown) as a drive source. The rotary indexing table 30
rotates in a reciprocative manner on the linear slide 28 in a
direction shown by an arrow B1, in accordance with the rotary
indexing motion of the rotary control axis 18 that is provided
with a rotary electric motor (not shown) as a drive source.
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On the other hand, the machine tool 14 illustrated in FIG. 3
includes, as a table mechanism on which a workpiece (not
shown) is mounted, a stationary base (not shown), a rotational
slide 32 that is rotationally movably placed on the stationary
base, and a rotary indexing table 34 that is rotatably disposed
on the rotational slide 32. The rotational slide 32 moves in a
reciprocative manner on the stationary base in a direction
shown by an arrow A2, in accordance with the rotational feed
motion of the rotational-feed control axis 16R that is provided
with a rotary electric motor (not shown) as a drive source. The
rotary indexing table 34 rotates in a reciprocative manner on
the rotational slide 32 in a direction shown by an arrow B2, in
accordance with the rotary indexing motion of the rotary
control axis 18 that is provided with a rotary electric motor
(not shown) as a drive source.

In the machine tool 12, 14 configured as described above,
there may be a case where the rotary indexing table 30, 34 is
provided with a center of gravity (i.e., the eccentric load 20)
at a position deviated from the rotation center of the table, by
an influence of a workpiece or a workpiece holder mounted
on the table. In the case where the rotary control axis 18
carries such an eccentric load 20, an interference may occur
between the linear or rotational slide 28, 32 and the rotary
indexing table 30, 34. More specifically, when the linear or
rotational slide 28, 32 operates in acceleration, a reaction
against a thrust or torque of the slide may develop in the rotary
indexing table 30, 34 provided with the eccentric load 20, so
that the position of the rotary indexing table 30, 34 may be
displaced from the commanded position. Similarly, when the
rotary indexing table 30, 34 provided with the eccentric load
20 operates in acceleration, a reaction against a torque of the
table may develop in the linear or rotational slide 28, 32, so
that the position of the linear or rotational slide 28, 32 may be
displaced from the commanded position. In either case, the
processing accuracy of the workpiece may be deteriorated.

In order to address the above problem, the controller 10
according to the present invention has a configuration in
which the interference estimating section 22 estimates the
interference P on the basis of the position command C1
instructed to at least one of the feed control axis 161, 16R and
the rotary control axis 18 and the position and mass informa-
tion D of the eccentric load 20 carried by the rotary control
axis 18, and the command correcting section 24 corrects the
current command C2 given to at least one of the feed control
axis 161, 16R and the rotary control axis 18 on the basis of the
interference P thus estimated, so that the motions of the axes
161, 16R and 18 can be controlled in high accuracy without
being affected by the interference P. Therefore, a position
detector for detecting an actual situation of interference is not
needed, so that it is possible to inhibit increase in equipment
costs of the machine tool 12, 14 and it is no longer required to
is consider the installation space or reliability of the position
detector. Moreover, the interference estimating section 22
estimates the interference P on the basis of the previously
known data obtainable before starting the motion control,
such as the position command C1 or the position and mass
information D of the eccentric load 20, and the command
correcting section 24 corrects, on the basis of the interference
P, the current command C2 directly given to each axis 161,
16R, 18, so that it is possible for the controller 10 to be
adapted to a quick and accurate positioning control for the
linear or rotational slide 28, 32 and the rotary indexing table
30, 34 in the machine tool 12, 14 without any problem. Thus,
according to the controller 10, it is possible to quickly and
appropriately eliminate the interference P between the feed
control axis 161, 16R and the rotary control axis 18 in the
machine tool 12, 14 so as to implement the stable and accurate
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motion control of each control axis 161, 16R, 18, and thereby
to improve the processing accuracy of the workpiece.

In the configuration described above, the position com-
mand C1 and the position and mass information D of the
eccentric load 20 may be manually input to the controller 10
by an operator, or alternatively, the controller 10 may read the
position command C1 and the position and mass information
D from a recording medium previously storing them. The
controller 10 may also be provided with an input section and
a storage section (not shown) for the position command C1
and the eccentric load information D.

Exemplary embodiments of a method for controlling
respective axes of a machine tool, performed by the controller
10, will be described below with reference to FIGS. 410 8. In
the following description, components corresponding to
those shown in FIGS. 1 to 3 are denoted by like reference
numerals, and the explanation thereof is not repeated.

First, a method for controlling the motion of the feed con-
trol axis 16L. and the rotary control axis 18, both provided in
the machine tool 12 shown in FIG. 2, will be described. As
shown in FIG. 4, the controller 10 has a typical control loop 36
for the feed control axis 161, in which a position control
section 38 arithmetically processes the position command C1
input for the feed control axis 16 (or the linear motor) so as
to output a speed command C3, a speed control section 40
arithmetically processes the speed command C3 so as to
output the current (or thrust) command C2, a current control
section 42 instructs a current value corresponding to the cur-
rent command C2 to the feed control axis 161, and a position
detector 44, such as an encoder, additionally provided to the
feed control axis 16L. detects an actual operating position of
the feed control axis 161 and feeds it back to the position
control section 38. The controller 10 also has a typical control
loop 46 for the rotary control axis 18, in which a position
control section 48 arithmetically processes the position com-
mand C1 input for the rotary control axis 18 (or the rotary
motor) so as to output a speed command C3, a speed control
section 50 arithmetically processes the speed command C3 so
as to output the current (or torque) command C2, a current
control section 52 instructs a current value corresponding to
the current command C2 to the rotary control axis 18, and a
position detector 54, such as an encoder, additionally pro-
vided to the rotary control axis 18 detects an actual operating
position of the rotary control axis 18 and feeds it back to the
position control section 48.

Inthe above-described configuration of control, at the time
when the rotary control axis 18 performs a rotary indexing
motion on the halting or operating feed control axis 161, the
interference estimating section 22 estimates the interference
P (i.e., the interference thrust F) exerted by the rotary control
axis 18 on the feed control axis 161, based on the position
command C1 instructed to the rotary control axis 18 and the
position and mass information D of the eccentric load 20
carried by the rotary control axis 18. Then, the command
correcting section 24 corrects the current command C2 by
adding the interference P (or the interference thrust F) esti-
mated by the interference estimating section 22 to the current
command C2 output from the speed control section 40 in the
control loop 36 for the feed control axis 16L.. As a result, the
current control section 42 appropriately instructs a current
value corresponding to the current command C2 corrected by
the command correcting section 24 to the feed control axis
16L.

On the other hand, in the above-described configuration of
control, at the time when the feed control axis 16L. performs
a linear feed motion relative to the halting or operating rotary
control axis 18, the interference estimating section 22 esti-
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mates the interference P (i.e., the interference torque T)
exerted by the feed control axis 161 on the rotary control axis
18, based on the respective commands C1 instructed to both
the feed control axis 161, and the rotary control axis 18 and the
position and mass information D of the eccentric load 20
carried by the rotary control axis 18. Then, the command
correcting section 24 corrects the current command C2 by
adding the interference P (or the interference torque T) esti-
mated by the interference estimating section 22 to the current
command C2 output from the speed control section 50 in the
control loop 46 for the rotary control axis 18. As a result, the
current control section 52 appropriately instructs a current
value corresponding to the current command C2 corrected by
the command correcting section 24 to the rotary control axis
18.

A process for estimating the interference P, performed by
the interference estimating section 22 in the above-described
control flow, will be described below with reference to FIGS.
5Ato 6B. FIGS. 5A to 6B diagrammatically show a mechani-
cal or dynamic relationship between the feed control axis 16L.
and the rotary control axis 18, with the eccentric load 20 being
considered as a material point.

FIGS. 5A and 5B show a state in which the rotary control
axis 18 performs the rotary indexing motion on the halting or
operating feed control axis 161, (especially, in an accelerating
state atan angular acceleration t). During the rotary indexing
motion, a centripetal force “f” caused correspondingly to an
angular velocity o and a torque “t” (more accurately, a tan-
gential force t/r) caused correspondingly to the angular accel-
eration o are applied to the eccentric load 20 (FIG. 5A). With
the distance between the rotation center O of the rotary con-
trol axis 18 and the eccentric load 20 being defined as “r”’, and
the mass of the eccentric load 20 being defined as “m”, the
following equations are obtained:

femra?

r=mr-o=m-rdo/dt

Consideration about a force exerted by the centripetal force
fand the tangential force t/r on the feed control axis 16L (i.e.,
the interference thrust F) will be given below. With the rota-
tion angle of the eccentric load 20 from a machine coordinate
origin G of the rotary control axis 18 is defined as 6, and the
angle (or position) of the feed control axis 16L (i.e., a linear
feeding direction) from the machine coordinate origin G is
defined as 6, a resultant force F' (FIG. 5B) obtained from the
centripetal force f and the tangential force t/r in a direction
parallel to the feed control axis 161, which is applied to the
eccentric load 20 during the rotary indexing motion, is
expressed by the following equation:

F'=mra?cos(0-0o)+m rdw/dt-sin(0-6,)

Thus, the interference thrust F (or the interference P) exerted
by the rotary control axis 18 on the feed control axis 16L is
estimated as F=-F". In the above explanation, “r”” and “m” can
be acquired as the position and mass information D of the
eccentric load 20, and 6 can be acquired as the position
command C1 instructed to the rotary control axis 18. Further,
0, is a value inherent in the machine tool 12, and represents a
relative positional relationship between the feed control axis
16L and the rotary control axis 18.

On the other hand, FIGS. 6A and 6B show a state in which
the feed control axis 16L. performs the linear feed motion
relative to the halting or operating rotary control axis 18
(especially, in an accelerating state at an acceleration “a”).
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During the linear feed motion, the following thrust “u” caused
correspondingly to the acceleration “a” is applied to the

eccentric load 20 (FIG. 6A):

u=m-a=m-dv/dt

Then, a force exerted by the thrust “u” on the rotary control
axis 18 (i.e., the interference torque T) is expressed by the
following equation:

T=—ursin(0-0¢)=—m-r-dv/dt-sin(60-0,)

Thus, the interference torque T (or the interference P) exerted
by the feed control axis 161 on the rotary control axis 18 is
estimated. In the above explanation, “r” and “m” can be
acquired as the position and mass information D of the eccen-
tric load 20, 6 can be acquired as the position command C1
instructed to the rotary control axis 18, and “a” (or “v”) can be
acquired from the position command C1 instructed to the feed
control axis 16L. Further, 0, is a value inherent in the machine
tool 12, and represents a relative positional relationship
between the feed control axis 161 and the rotary control axis
18.

Next, a method for controlling the motion of the feed
control axis 16R and the rotary control axis 18, both provided
in the machine tool 14 shown in FIG. 3, will be described.
This motion control method is similar to the above-described
method for controlling the motion of the feed control axis 161,
and the rotary control axis 18 in the machine tool 12, and
therefore, the explanation of the control flow is not repeated,
and a process for estimating the interference P, performed by
the interference estimating section 22, will be described
below with reference to FIGS. 7 and 8. FIGS. 7 and 8 dia-
grammatically show a mechanical or dynamic relationship
between the feed control axis 16R and the rotary control axis
18, with the eccentric load 20 being considered as a material
point.

FIG. 7 shows a state in which the rotary control axis 18
performs the rotary indexing motion on the halting or oper-
ating feed control axis 16R (especially, in an accelerating
state at an angular acceleration o). In this connection, it is
assumed that the actual feed control axis 16R has a rotation
center axis parallel to a reference axis Z as illustrated, the
center axis being located at a position spaced from the refer-
ence axis Z by adistance “s” (FIG. 3) in a direction orthogonal
to the plane of the drawing. During the rotary indexing motion
of the rotary control axis 18, a centripetal force “f”” caused
correspondingly to an angular velocity w and a torque “t”
(more accurately, a tangential force t/r) caused correspond-
ingly to the angular acceleration o are applied to the eccentric
load 20. With the distance between the rotation center O of the
rotary control axis 18 and the eccentric load 20 being defined
as “r”, and the mass of the eccentric load 20 being defined as
“m”, the following equations are obtained:

Femr?

tr=m-r-o=m-rdo/dt

Consideration about a force exerted by the centripetal force
fand the tangential force t/r on the feed control axis 16R (i.e.,
the interference torque T) will be given below. With the rota-
tion angle of the eccentric load 20 from a machine coordinate
origin G of the rotary control axis 18 is defined as 6, and the
angle (or position) of the reference axis Z (parallel to the feed
control axis 16R) from the machine coordinate origin G is
defined as 6, a resultant force F obtained from the centripetal
force fand the tangential force t/r in a direction orthogonal to
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the reference axis Z, which is applied to the eccentric load 20
during the rotary indexing motion, is expressed by the fol-
lowing equation:

F=m-r-a>sin(0-0q)-m-rdw/dt-cos(0-0,)

Thus, the interference torque T (or the interference P) exerted
by the rotary control axis 18 on the feed control axis 16R is
estimated as T=-=F-s. In the above description, “r”, “m” and
“s” can be acquired as the position and mass information D of
the eccentric load 20, and 0 can be acquired as the position
command C1 instructed to the rotary control axis 18. Further,
0, is a value inherent in the machine tool 14, and represents a
relative positional relationship between the feed control axis
16R and the rotary control axis 18.

On the other hand, FIG. 8 shows a state in which the feed
control axis 16R performs the rotational feed motion relative
to the halting or operating rotary control axis 18 (especially,
in an accelerating state at a tangential acceleration “a”). Dur-
ing the rotational feed motion, the following thrust “u” caused
correspondingly to the tangential acceleration “a” is applied
to the eccentric load 20:

u=m-a=m-dv/dt

Then, a force exerted by the thrust “u” on the rotary control
axis 18 (i.e., the interference torque T) is expressed by the
following equation:

T=-ur-cos(0-04)=—mr-dv/dt-cos(0-0,)

Thus, the interference torque T (or the interference P) exerted
by the feed control axis 16R on the rotary control axis 18 is
estimated. In the above explanation, “r” and “m” (and the
distance “s” for converting the angular displacement to the
linear displacement) can be acquired as the position and mass
information D of the eccentric load 20, 8 can be acquired as
the position command C1 instructed to the rotary control axis
18, and “a” (or “v”’) can be acquired from the position com-
mand C1 instructed to the feed control axis 16R. Further, 6, is
the value inherent in the machine tool 14, and represents a
relative positional relationship between the feed control axis
16R and the rotary control axis 18.

As described above, the controller 10 is configured such
that the interference estimating section 22 estimates the inter-
ference P on the basis of the previously known data that can be
acquired before starting the motion control and the command
correcting section 24 corrects the current command C2 on the
basis of the interference P, so that it is possible for the con-
troller 10 to be adapted to the quick and accurate positioning
control in the machine tool 12, 14. Therefore, when the con-
troller 10 is configured so that the interference estimating
section 22 estimates the interference P prior to, by one or
more control periods, a certain period of a motion control of
at least one of the feed control axis 161, 16R and the rotary
control axis 18 executed in accordance with the position
command C1, and the command correcting section 24 cor-
rects the current command C2 at the period of the motion
control, the controller 10 can be adapted more reliably to the
quick and accurate positioning control.

In general, a rotary control axis of a machine tool carries an
object, such as a workpiece, a tool, etc., a load of which
widely changes in magnitude or location, so that it is difficult
to perform an accurate correction in response to the change in
the load even when an interference between control axes is
determined by calculation as in the present invention, if a
constant term, such as a mass, position, angle, etc., in the
equation used for the calculation remain fixed. Accordingly, it
is advantageous that the controller 10 having the above-de-
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scribed basic configuration additionally possesses a function
for changing a calculation constant used by the interference
estimating section 22 to estimate the interference P, in
response to a change in the eccentric load 20.

FIG. 9 shows, by a functional block diagram, a configura-
tion of a controller 60 having the additional function
described above and according to a preferred embodiment of
the present invention. The controller 60 includes, in addition
to the basic configuration of the controller 10 of FIG. 1, a
constant changing section 62 that changes a calculation con-
stant (m, r, 0, etc.) used by the interference estimating sec-
tion 22 to estimate the interference P, in response to a change
in the eccentric load 20. Thus, components corresponding to
those of the controller 10 are denoted by like reference
numerals, and the explanation thereof is not repeated.

For example, in the embodiment shown in FIGS. 5A and
5B, during the time when the rotary control axis 18 rotates at
a constant speed, the interference thrust F exerted on the feed
control axis 16L is expressed by the equation: F=—m1-w*-cos
(6-8,), which is illustrated in a sinusoidal curve. Therefore, if
the eccentric load 20 is changed, a test operation in which the
rotary control axis 18 rotates at a constant speed on the halting
feed control axis 16L. (which should be a lower speed to the
extent that the positional deviation of the feed control axis
16L does not become too large) is performed, so that, in the
normal feedback loop for the feed control axis 16L. (see F1G.
4) in the controller 60, the speed control section 40 is made
output a current command C2 showing a sinusoidal curve
similar to the interference thrust F and canceling the latter
(referred to as an interference-basis current command, in the
present application), in a state where the interference estimat-
ing section 22 does not yet estimate the interference.

Then, the constant changing section 62 can determine the
value of'the calculation constant (m, r, 6, etc.) as changed, by
observing the interference-basis current command C2 output
from the speed control section 40 (i.e., the current command
C2 that has not been corrected by the command correcting
section 24). More specifically, at the time when the current
command C2 exhibits its maximum value C2max, which
means cos(0-0,)=1, the following equation is obtained:
m-r=K-C2max/w? (where K is a torque constant inherent in
the electric motor). Therefore, as a result of the test operation,
the constant changing section 62 can determine the mass “m”
and position “r” of the eccentric load 20 which has been
changed, on the basis of the maximum value C2max of the
current command C2 and the angular velocity  of the rotary
control axis 18. Also, the constant changing section 62 can
determine the angle 0, of the feed control axis 16L relative to
the machine coordinate origin G (FIG. 5B) (i.e., the relative
positional relationship between the rotary control axis 18 and
the feed control axis 161.), on the basis of the rotation angle 0
of the rotary control axis 18 at the time when the current
command C2 exhibits the maximum value C2max or the
minimum value 0 (zero).

If it is difficult in the above test operation to rotate the
rotary control axis 18 by one or more turns (or at least 360
degrees), the maximum value C2max of the current command
C2 cannot be specified, but in this case, it is advisable to
previously measure only the angle 6, of the feed control axis
16L relative to the machine coordinate origin G. Then, the
mass “m” and position “r” of the eccentric load 20 can be
determined by observing both the current command C2 and
the angle (0-0,) in the test operation.

Similarly, in the embodiment shown in FIG. 7, during the
time when the rotary control axis 18 rotates at a constant
speed, the interference torque T exerted on the feed control
axis 16R is expressed by the equation: T=—s-m-r-w>sin(6-
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0,). Therefore, in a way similar to the above-described pro-
cedure, when the eccentric load 20 is changed, the constant
changing section 62 performs a test operation in which the
rotary control axis 18 rotates at a constant speed on the halting
feed control axis 16R, and thereby can determine the mass
“m” and position “r” of the eccentric load 20 which has been
changed, as well as the relative positional relationship “s” and
angle 0, between the rotary control axis 18 and the feed
control axis 16R, on the basis of the maximum value C2max
of the current command C2 and the angular velocity w and
rotation angle 6 of the rotary control axis 18.

According to the controller 60 configured as described
above, in addition to the already-described particular effects
obtained by the controller 10, for the machine tool 12, 14
including the rotary control axis 18 carrying an object, such as
a workpiece, a tool, etc., a load of which widely changes in
magnitude or location, it is advantageously possible to accu-
rately eliminate the interference between the rotary control
axis and the feed control axis, in appropriately response to the
change in the load.

In the controller 10, 60 described above, it is explained that
the position and mass information D of the eccentric load 20,
initially given to the interference estimating section 22, is a
previously known data that can be acquired before starting the
motion control. In this case, normally used as the position “r”
and mass “m” of the eccentric load 20 are actually measured
values, and therefore, a preparation work for the motion con-
trol may tend to be cumbersome. On the other hand, if the
above-described function of the constant changing section 62
of'the controller 60 is used, it is possible to suitably estimate
the position and mass information D of the eccentric load 20
initially given to the interference estimating section 22 with-
out using the actual measurement.

FIG. 10 shows, by a functional block diagram, a configu-
ration of a controller 70 having the additional function
described above and according to another preferred embodi-
ment of the present invention. The controller 70 includes, in
addition to the basic configuration of the controller 10 of FIG.
1, an eccentricity information estimating section 72 that esti-
mates the position and mass information D of the eccentric
load 20. Thus, components corresponding to those of the
controller 10 are denoted by like reference numerals, and the
explanation thereof is not repeated.

A procedure for estimating the eccentricity information by
the eccentricity information estimating section 72 is substan-
tially the same as the above-described procedure for changing
the constant by the constant changing section 62 of the con-
troller 60. More specifically, for example, in the embodiment
shown in FIGS. 5A and 5B, in the case where the position and
mass information D of the eccentric load 20 is unknown, the
above-described test operation in which the rotary control
axis 18 rotates at a constant speed on the halting feed control
axis 16L is performed, so that, in the normal feedback loop for
the feed control axis 161 (see FIG. 4) in the controller 70, the
speed control section 40 is made output an interference-basis
current command C2 in a state where the interference esti-
mating section 22 does not yet estimate the interference.

Then, the eccentricity information estimating section 72
estimates the position and mass information D (i.e., position
“r” and mass “m”) of the eccentric load 20, on the basis of the
interference-basis current command C2 instructed to the feed
control axis 16L (i.e., the current command C2 that has not
been corrected by the command correcting section 24). More
specifically, in the equation expressing the interference thrust
F exerted on the feed control axis 161, during the time when
the rotary control axis 18 rotates at a constant speed w, i.e.,
F=—mrm*-cos(0-0,), at the time when the current command
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C2 exhibits its maximum value C2max, which means cos(6-
8,)=1, the following equation is obtained: m1=K-C2max/w>
(where K is a torque constant inherent in the electric motor).
Therefore, the eccentricity information estimating section 72
can determine the mass “m” and the position “r” of the eccen-
tric load 20, on the basis of the maximum value C2max of'the
current command C2 and the angular velocity  of the rotary
control axis 18. Also, the eccentricity information estimating
section 72 can determine the angle 0, of the feed control axis
16L relative to the machine coordinate origin G (FIG. 5B)
(i.e., the relative positional relationship between the rotary
control axis 18 and the feed control axis 16L.), on the basis of
the rotation angle 6 of the rotary control axis 18 at the time
when the current command C2 exhibits the maximum value
C2max or the minimum value 0 (zero). The position and mass
information D (i.e., position “r” and mass “m”) of the eccen-
tric load 20 and the angle 8, thus estimated are stored, for
example, in a storage section (not shown) of the controller 70,
and used when the interference estimating section 22 esti-
mates the interference thrust F in an actual motion control.

The eccentricity information estimating section 72 can also
estimate the position and mass information D of the eccentric
load 20, by performing a test operation in which the feed
control axis 16L. performs the feed motion at a constant accel-
eration relative to the halting rotary control axis 18. As aresult
of this test operation, in the normal feedback loop for the
rotary control axis 18 (see FIG. 4) in the controller 70, the
speed control section 50 outputs an interference-basis current
command C2 in a state where the interference estimating
section 22 does not yet estimate the interference. In this
connection, as already described with reference to FIGS. 6A
and 6B, the interference torque T exerted by the thrust “u” on
the rotary control axis 18 is expressed by the equation:
T=-m-r-dv/dt-sin(6-6,,), and therefore, the rotation angle 6 of
the rotary control axis 18 at the time when the current com-
mand C2 exhibits the minimum value O (zero) is the angle 6,
of'the feed control axis 16L relative to the machine coordinate
origin G (FIG. 6B). Then, the eccentricity information esti-
mating section 72 can determine the mass “m” and the posi-
tion “r” of the eccentric load 10 by using the equation for the
interference torque T, on the basis of the current command C2
observed at the time when the feed control axis 161 performs
the feed motion at a constant acceleration dv/dt with the
rotary control axis 18 halting at an arbitrary angle 6.

According to the controller 70 configured as described
above, in addition to the already-described particular effects
obtained by the controller 10, it is advantageously possible to
omit a measuring work of the position and mass information
D of'the eccentric load 20 and thus to simplify the preparation
work for the motion control.

As will be understood from the above description, accord-
ing to the invention, any position detector for detecting an
actual situation of interference is no longer needed, so that it
is possible to inhibit increase in equipment costs of a machine
tool and it is no longer required to consider the installation
space or reliability of a position detector. Moreover, the inter-
ference estimating section estimates the interference on the
basis of the previously known data obtainable before starting
the motion control, such as the position command instructed
to at least one of the feed control axis and the rotary control
axis or the position and mass information of the eccentric
load, and the command correcting section corrects, on the
basis of the interference, the current command directly given
to each axis, so that it is possible for the controller to be
adapted to a quick and accurate positioning control required
in the machine tool without any problem. Thus, according to
the controller, it is possible to quickly and appropriately
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eliminate the interference between the feed control axis and
the rotary control axis in the machine tool so as to implement
the stable and accurate motion control of each control axis,
and thereby to improve the processing accuracy of the work-
piece.

While the invention has been described with reference to
specific preferred embodiments, it will be understood, by
those skilled in the art, that various changes and modifications
may be made thereto without departing from the scope of the
following claims.

the invention claimed is:

1. A device for controlling a feed motion of a feed control
axis and a rotary motion of a rotary control axis, said feed
control axis and said rotary control axis being provided in a
machine tool so that said rotary control axis is fed along said
feed control axis, comprising:

an interference estimating section estimating an interfer-

ence generated between said feed control axis and said
rotary control axis, based on a position command
instructed to at least one of said feed control axis and
said rotary control axis and a position and mass infor-
mation of an eccentric load carried by said rotary control
axis, by calculating a force exerted on said rotary control
axis due to a thrust applied to said eccentric load during
the feed motion of said feed control axis, or by calculat-
ing a force exerted on said feed control axis due to a
centripetal force and a tangential force applied to said
eccentric load during the rotary motion of said rotary
control axis; and

a command correcting section correcting a current com-

mand given to at least one of said feed control axis and
said rotary control axis, based on said interference esti-
mated by said interference estimating section.

2. A device as set forth in claim 1, wherein said interference
estimating section estimates said interference prior to, by one
or more control periods, a period of a motion control of at
least one of said feed control axis and said rotary control axis
executed in accordance with said position command; and
wherein said command correcting section corrects said cur-
rent command at said period of said motion control.

3. A device as set forth in claim 1, further comprising a
constant changing section changing a calculation constant
used by said interference estimating section to estimate said
interference, in response to a change in said eccentric load.

4. A device as set forth in claim 1, further comprising an
eccentricity information estimating section estimating said
position and mass information of said eccentric load, based
on an interference-basis current command instructed to either
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one of said feed control axis or said rotary control axis in a
state where said interference estimating section does not esti-
mate said interference; wherein said interference estimating
section estimates said interference by using said position and
mass information estimated by said eccentricity information
estimating section.

5. A method for controlling a feed motion of a feed control
axis and a rotary motion of a rotary control axis, said feed
control axis and said rotary control axis being provided in a
machine tool so that said rotary control axis is fed along said
feed control axis, comprising:

estimating an interference generated between said feed

control axis and said rotary control axis, based on a
position command instructed to at least one of said feed
control axis and said rotary control axis and a position
and mass information of an eccentric load carried by
said rotary control axis, by calculating a force exerted on
said rotary control axis due to a thrust applied to said
eccentric load during the feed motion of said feed con-
trol axis, or by calculating a force exerted on said feed
control axis due to a centripetal force and a tangential
force applied to said eccentric load during the rotary
motion of said rotary control axis; and

correcting a current command given to at least one of said

feed control axis and said rotary control axis, based on
said interference thus estimated.

6. A method as set forth in claim 5, wherein estimating an
interference includes estimating said interference prior to, by
one or more control periods, a period of a motion control of at
least one of said feed control axis and said rotary control axis
executed in accordance with said position command; and
wherein correcting a current command includes correcting
said current command at said period of said motion control,
based on said interference thus estimated.

7. A method as set forth in claim 5, further comprising,
when estimating an interference, changing a calculation con-
stant used to estimate said interference, in response to a
change in said eccentric load.

8. A method as set forth in claim 5, further comprising
estimating said position and mass information of said eccen-
tric load, based on an interference-basis current command
instructed to either one of said feed control axis or said rotary
control axis in a state where said interference is not estimated;
wherein estimating an interference includes estimating said
interference by using said position and mass information thus
estimated.



